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Precision determinations of neutron total cross sections on nuclear 

targets in the 30 -V/C to 300 -V/C range have recently been reported. (11 

We have performed a silnilar set of measurements in the M-3 neutral beam of 

the Fermi National Accelerator laboratory using the standard qcod geetry 

transmission technique. A novel featire of the experiment was the method 

employed for neutron detection. A 0.25 inch thick Pb neutron 'cawertter" 

was placed in front of a high resolution, fo,rvard V-spectrometer. me 

spectrolneter was triggered on the coherent dissociation of the neutron into 

a pn- system WI, produced in the reaction n + Pb + (pn-) + Pb, and pnr 

vided us with excellent positional and energy-measuring capability for ,, 

transmitted ne~trans.'~' we measured the rate of V production with and 

without a nuclear transmission target located -200 meters upstream of the 

spectrometer: the ratio of these yields, normalized by an independent beam 

monitor, was used to determine total cross section for neutrons on specific 

t*qets. '3) 

Gvr spectrcmeter enabled us to measuretbz -enturn of each detected 

Y to'zlr accuracy; we therefore obtained directly the manentura dependence 

of the total cross section for each target element. Purtbermre, the 

excellent spatial resolution 1-t 0.03 4 of our neutron detector was a 

valuable asset in making corrections for those neutrons whichundergo small 

angle scattering in the transmission target but still strike the Pb con- 

verter and yield detectable Y's. We found that the absolvte ~0rrectiOnS 

for such small-anqle scatters never exceeded one half the statistical 

error on the measured cross sections. we have investigated other possible 

sources of systematic error and believe that our total cross section 

determinations constitute ~asurements which are effectively model independent. 

and limited only by statistical uncertainty. (4) 
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The results of our measurements are presented in Fig. 1 and tabulated 

in Table 1. The data points on the figure are our measured values; the 

cross-hatched region represents previously published results in this l naqy 

regime.'l' (The limits of the cross-hatched region correspond to tl 

standard deviation variations from the measured values.) The solid - 

sumarises results at lower energies. The two high energy PCasuremmts 

appear tcl be in good agreement for Pb, but display systematic disagreement 

as the atomic nlnaber decreases. WC can provide no obvious explanation 

for this small but significant discrepancy; if the method:of correcting 

for small angle scattering were at fault, the disagreement would be expected 

to be most pronounced for large A.) One effect of the disagreenrnt between 

the two expeeimSntS iS that if one chooses to parameterize the A deponbnc. 

of the neutron-nuclear total crosz section LlT(A) in the form OoAV, then our 

Y values are systematically larger than those rePorted in ref. I. (5) 
Another. 

perhaps mre interesting, consequence is that vhile the qualitative agresmmnt 

betveen the data and Glauber theory (including inelastic screening) retins, (1) 

the quantitative level of this agreement is worsened. 

We thank J. P.DeBrion. 0. Chancy, R.Lipton, P.Uiihlemann and R.Scx,tt for 

assistance in the running of the erperiaent. We also acknweldge the excellent 

SuPPOrt of P.Koehler and the staff at the weson Detector Laborator, during 

the execution of the experimnt. 

N~"trO"-t+Xlt?~~ 

tbmentw range 
IG?v/cl carbon 

30 - 80 336 + 9 

so - 130 319 2 6 

130 - 170 323k 5 

170 - 200 309 r 5 

200 - 220 323 t i 

220 - 240 312 i 6 

240 - 260 326 f 7 

260 - 300 320 f 7 

Table 3 

Cross Sections 

crc.ss section bbb) 
Alminum -PP.= 

645 L. 23 1268 t 36 

603 f 14 1167 ? 22 

623 t 12 1206 ? 19 

586 + 12 1161 ? 19 

607 i. 14 1204 t 23 

611 f 15 1236 f 23 

620 t 16 3272 i 25 

631 f 17 1200 f 27 

lead 

3087 f Be 

2830 f 53 

3037 * 47 

2963 f 46 

2953 * 56 

2944 f 57 

3063 f 62 

2982‘* 67 
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5. The average value of V is -0.78 near 30 G&/c; in excess of 30 C-N/c. 

v falls below 0.77 far the data of reference (1). and rises to 0.79 

for our data. Although small, these differences are statistically 
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Figure caption 

r4~.utr0n-nuclear total cross sections measured in this experirnt. 

The cross-hatched region represents the previously available data 

in this energy regb (ref. 1): the curve S -ire* leer energy 

results. 
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